migrate into the hilus (5) . Additionally, both groups of cells exhibit axonal sprouting (4) . Adult-born GCs can display other abnormalities, including somatic hypertrophy and long basal dendrites (5) . Furthermore, adult-born GCs are particularly associated with seizure occurrence and epilepsy-related cognitive phenotypes (6) .
Converging lines of evidence indicate that adult-born GCs have a unique role in epileptic pathology. However, it is difficult to characterize their participation in the epileptic hippocampus without improved knowledge of their connectivity. While full characterization requires careful electrophysiological and bidirectional synaptic tracing, an important first step is to identify the different presynaptic populations targeting late-born GCs, and to identify changes in late-born GCs after SE and relative to early-born cells. Altered afferent control of age-defined GCs could play a role in various pathologies, including pro-ictogenic hyperexcitatory circuits and impaired information processing contributing to cognitive impairment. However, the same alterations indicate potential target pathways for therapeutic control.
Du et al. identify afferents to age-defined GCs after SE with a dual viral tracing strategy to target dividing cells and later label their presynaptic partners. To target age-defined populations, the authors bilaterally injected the dentate gyrus of rats with a retrovirus carrying green fluorescent protein (for OBJECTIVE: To understand how monosynaptic inputs onto adult-born dentate granule cells (DGCs) are altered in experimental mesial temporal lobe epilepsy (mTLE) and whether their integration differs from early-born DGCs that are mature at the time of epileptogenesis. METHODS: A dual-virus tracing strategy combining retroviral birthdating with rabies virus-mediated putative retrograde trans-synaptic tracing was used to identify and compare presynaptic inputs onto adult-born and early-born DGCs in the rat pilocarpine model of mTLE. RESULTS: Our results demonstrate that hilar ectopic DGCs preferentially synapse onto adult-born DGCs after pilocarpine-induced status epilepticus (SE), whereas normotopic DGCs synapse onto both adult-born and early-born DGCs. We also find that parvalbumin-and somatostatin-interneuron inputs are greatly diminished onto early-born DGCs after SE. However, somatostatin-interneuron inputs onto adult-born DGCs are maintained, likely due to preferential sprouting. Intriguingly, CA3 pyramidal cell backprojections that specifically target adult-born DGCs arise in the epileptic brain, whereas axons of interneurons and pyramidal cells in CA1 appear to sprout across the hippocampal fissure to preferentially synapse onto early-born DGCs. INTERPRE-TATION: These data support the presence of substantial hippocampal circuit remodeling after an epileptogenic insult that generates prominent excitatory monosynaptic inputs, both local recurrent and widespread feedback loops, onto DGCs. Both adult-born and early-born DGCs are targets of new inputs from other DGCs as well as from CA3 and CA1 pyramidal cells after pilocarpine treatment, changes that likely contribute to epileptogenesis in experimental mTLE.
Back to the Dentate: Network Changes of Early-and LateBorn Dentate Granule Cells
labeling the infected cell) and exogeneous proteins to facilitate subsequent rabies infection and transmission. By injecting the retrovirus (which effectively infects dividing cells) at an early developmental time point or into an adult days after pilocarpine-mediated SE or saline injection, the authors could compare across age-defined populations and pathological condition. Modified rabies virus was then injected at a later time point (weeks after SE) in order to label the first-order synaptic inputs to the previously retrovirus-infected GCs. Despite several known caveats associated with rabies virus tracing (such as pseudotransduction causing false retrograde positives (2), uncertain strength and number of synapses, as well as varying numbers of starter cells), the authors report strong evidence for complex changes in the presynaptic connectivity of both early-and late-born GCs after SE.
Du et al. observed changes in both excitatory and inhibitory presynaptic connections within the hippocampus proper to both early-and late-born GCs after SE, while distant projections from the entorhinal cortex and subiculum appeared to be relatively unchanged (though differential effects of synaptic potentiation from these distant projections remain possible). Among more local afferents, the authors observed substantial and unexpected changes. Notably, CA3 pyramidal neurons sprouted new connections after SE. While both early-and late-born GCs had increased CA3 afferents after SE, adult-born cells seemed to be the preferred postsynaptic partners. This establishes a recurrent excitatory loop that seems likely to be pro-ictogenic. However, somatostatin-expressing interneurons within the dentate also seem biased toward sprouting onto adult-born GCs after SE, which could curb some of the excitation from CA3 sprouting.
Perhaps most surprising were the results of Du et al that demonstrate that CA1 pyramidal cells sprouted GC-targeting projections after SE. To our knowledge, CA1 axonal sprouting onto dentate GCs has been previously reported only in slice cultures after acute kainic acid application (7) . The present results establish this sprouting after systemic pilocarpine injection in vivo. Like CA3 sprouting, both early-and late-born GCs were targeted, but unlike CA3 sprouting, early-born GCs were targeted more than late-born GCs. This compounds the recurrent excitation from CA3-GC sprouting by further shortcircuiting the classic trisynaptic loop (DG-CA3-CA1).
In addition to backprojecting pyramidal neurons, Du et al. also reveal that backprojecting inhibitory neurons from CA3 and CA1 can target early-and late-born GCs. A diversity of backprojecting inhibitory cells have been reported in healthy animals with each class having a distinct effect on hippocampal functioning (8) . Additional reports have observed plasticity of backprojecting inhibitory neurons under physiological conditions (9) . The present results confirm the maintained presence of backprojecting inhibitory neurons after SE and suggests that at least some of the altered network connectivity of newly generated GCs after SE may overlap with physiologically adaptive plasticity. However, it is unknown if the quality or quantity of these connections differs between healthy and pathological conditions. Importantly, the identity of the backprojecting inhibitory neurons post-SE also remains uninvestigated, which may influence their connectivity to age-defined GCs paralleling the differences between local inhibitory neurons. Additional potential sources of nonlocal inhibition include contralateral inhibitory neurons (10) , and it will be interesting to see, in future work utilizing unilateral rabies injections, how these may differentially target GC populations.
Broad questions in the basic epilepsy field often address how seizures affect particular cell populations and, conversely, how these cells contribute to pathology. Knowledge of the former provides groundwork to understand how a physiological system can be transformed into a pathogenic structure, and knowledge of the latter lays ground for therapeutic interventions. Du et al. report results that improve our understanding of what pathways could alter GC activity, revealing important distinctions between early-and late-born populations. Mounting evidence implicates late-born GCs as key mediators of epileptic pathology (6) yet it is not currently feasibly to directly target these cells without a priori intervention. Therefore, identifying cells that could control this important population after SE (such as backprojecting inhibitory neurons) is an exciting clinical prospect. Future work can build on these findings to determine the efficacy of that control and its relevance to addressing important epileptic phenotypes, such as cognitive impairment.
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